For more than a half a decade the fact that expenditure on durables can be well approximated by a random walk has remained a hidden puzzle, challenging almost any theory in which agents smooth the use of their wealth. This paper shows that once a nonparsimonious approach is used, or lower frequencies of the data are examined, the fact itself disappears; changes in expenditures on durables reveal a degree of reversion consistent with the permanent income hypothesis (PIH), although this reversion occurs at a rate significantly slower than what is suggested by a frictionless PIH model.
For more than a half a decade the fact that expenditure on durables can be well approximated by a random walk has remained a hidden puzzle, challenging almost any theory in which agents smooth the use of their wealth. This paper shows that once a nonparsimonious approach is used, or lower frequencies of the data are examined, the fact itself disappears; changes in expenditures on durables reveal a degree of reversion consistent with the permanent income hypothesis (PIH), although this reversion occurs at a rate significantly slower than what is suggested by a frictionless PIH model.
I. INTRODUCTION
Few mainstream economists would strongly object to the implications of the life cycle-permanent income hypothesis (henceforth LCH/PIH); denying this hypothesis is tantamount to denying many of the basic principles used by economists in their modeling efforts. It is not surprising, then, that the seminal works of Modigliani and Brumberg [1954] and Friedman [1957] were followed by innumerable attempts to test the validity of the LCH/PIH theory and to amend its empirical failures, while preserving the same general framework.
The advent of rational expectations spurred a whole new literature starting with the Sargent [1978] and Hall [1978] papers that tested the joint LCH/PIH-rational expectations hypothesis.
Hall's paper has been especially important for the consumption literature in the last decade. He noticed that the rational expectations hypothesis implies that consumers should use all the information available to them at each moment in time to make their consumption decisions. The LCH/PIH, on the other hand, implies that expected marginal utilities of consumption should be equalized across time. The interaction of these two implications-plus some standard assumptions on the specification of preferences and the sources of uncertainty-makes today's consumption a sufficient statistic to forecast tomorrow's consumption; this is the now famous random walk hypothesis for the consumption of nondurables.
Mankiw [1982] noticed that when Hall's insight is applied to durables, the disturbance in a regression of current expenditure on lagged expenditure should exhibit a first-order moving average (MA(1)) structure (as opposed to the nondurables case in which this disturbance should be white noise). Furthermore, the MA coefficient should be negative, and its absolute value equal to one minus the rate at which the stock of durables depreciates, reflecting the fact that durable purchases provide services for more than one period. The empirical implementation of this model has brought about strong rejection not only of the implications of the LCH/PIH model, but also of most models advocating some degree of intertemporal smoothing-in fact, much stronger than the thoroughly studied rejection observed in the nondurables (and services) case.
Mankiw used quarterly U. S. postwar data and found that contrary to the theory, the disturbance in the equation for expenditures on durables behaved as white noise. In other words, the time series behavior of durables expenditures exhibited the same type of behavior as expenditures on nondurables, and it should not. Caballero [1987b] showed that this unpleasant result holds even when the model is expanded to allow for the possibility of very general substitution effects, so that only the wealth component of the shocks-the component most clearly related to the LCH/ PIH-is subjected to the MA(1) structure. This paper shows that once a moderate amount of slowness in the response of some consumers to news about the economic environment is admitted, a clear difference between the time series behavior of durables and nondurables arises. Furthermore, this difference points strongly in the direction suggested by the LCH/ PIH: the sum of the autocorrelations of changes in nondurables expenditures remains positive and close to zero, whereas the same statistic is decreasing and negative for the case of durables, reflecting the reversion (although delayed) implied by the theory.
The cumulative adjustment of durables to wealth and taste shocks matching the data seems to be around 55 percent after the first year, and 90 and 100 percent one and two years later, respectively. This introduction is followed by three sections. Section II presents the frictionless model and preliminary nonparsimonious evidence on the compatibility of the differences between the time series processes of durables and nondurables with the implications of the LCH/PIH for such differences. Section III models and estimates slow adjustment, and highlights the effects of "slowness" (1) Acnt+l = a0 + et+11
with Acnt+1 the change in nondurabl ao a constant, and en 1 a white noise information available at time t.
The intuition behind equation (1) was given in Hall's [1978] seminal paper: agents use all the information available at time t to form their consumption decisions and according to the LCH/PIH, attempt to smooth consumption; hence cnt is a sufficient statistic for forecasting cnt+,. Empirically, such a simple relationship has held remarkably well, although it is certainly not flawless. Excess sensitivity of nondurables consumption to lagged variables (income in particular) and excess smoothness with respect to wealth innovations are among the most studied puzzles in the empirical literature of the 1980s.
It is surprising, however, that so much empirical and theoretical work has been devoted to nondurables consumption and so little to durables. As was said before, the latter has shown rejection of the basic implications of the LCH/PIH that is orders of magnitude stronger than that found in the case of nondurables. This was brought to light by Mankiw [1982] , who noticed that in the absence of friction, services provided by durables should follow a process similar to that of nondurables consumption. Furthermore, if these services are proportional to the stock of durables k, it is possible to write (2) =kt+l a, + et+19
where a, is a constant and e d~ is an properties similar to those of e'tn+. The fundamental difference between nondurables and durables is that the latter last for more than one period; thus, the stock is not equal to current purchases. In fact, if depreciation is exponential, the stock and purchases of durables are related through the accumulation equation:
where 6 is the depreciation rate and cd is the expenditure on durable goods. Finally, putting together equations (2) and (3) yields a description of expenditures on durable goods comparable to that of nondurables in equation (1): (4) Acdt+l = a2 + e d -(1 -6)e d where a2 = a1l. Equation (4) indicates that if the time interval is short enough (so 3 , 0), the level of durable expenditures should be approximately white noise, contrasting sharply with the random walk behavior implied by the LCH/PIH for nondurables. Or in terms of the first differences, as presented in equation (4), changes in expenditure on durables should follow an MA(1) process, with a large and negative MA coefficient. That is, most of the initial impact of a shock on changes in durables expenditures should be undone during the first period after this shock. Again, this contrasts sharply with the white noise behavior implied by the LCH/PIH for changes in nondurables purchases. Mankiw [1982] used quarterly U. S. data and showed that contrary to what is implied by the theory, durables expenditures seem to follow a random walk. That is, there is no evidence whatsoever of a strong reversion of the initial impact of the shock o changes in durables expenditures. The stochastic behavior of durables purchases appeared to be too similar to that of nondurables purchases to be consistent with the lifetime smoothing implied by the LCH/PIH. Caballero [1987c] showed that in fact this This content downloaded from 18.9.61.112 on Tue, 31 Jan 2017 20:57:30 UTC All use subject to http://about.jstor.org/terms conclusion is robust to important relaxation of the simplifying assumptions involved in Mankiw's derivation.
This paper confirms that the process followed by durables expenditures is not close to a white noise, but shows that the reversion implied by the theory for changes in durables expenditures is indeed present in the data, although with an important delay. In fact parsimonious approaches like Mankiw's are not likely to detect the subtle and spread-out reversion. Table I shows the results of a nonparsimonious representation of the process for quarterly changes in durables expenditures. It is apparent that the first MA coefficient is very far from minus 0.95 (a value that would be consistent with 5 percent quarterly depreciation), and that individual MA coefficients are small. However, the sum of them is important and negative, as seen in the last column of Table I . This evidence is reinforced by Figure I , where the sum of the quarterly autocorrelations3 for changes in expenditures on nondurables (and services) and durables is presented. The solid line corresponds to nondurables and shows that the sum of the autocorrelations remains positive and close to zero. Conversely, the sum of the autocorrelations in the case of durables is declining, almost always negative, and converges to a number close to minus 0.5, precisely what corresponds to a sum of MA coefficients converging to a number close to minus one.
In other words, disregarding the "abnormal" spreading out of the reversion of changes in expenditure on durables, the evidence is much more in line with the basic implications of the LCH/PIH for the difference between the behavior of durables and nondurables expenditures, than previously suspected. The next section provides a more revealing characterization of the delayed response of durables expenditures. where CD is the aggregate expenditure on durable goods, od 1, 0d > 0 for all i < dd, dd is the maximum delay for durables purchases, and O/12i 0d represents the fraction of people adju their durables purchases with delay i.
It is important to notice that delays in both goods have not been constrained to be equal (see below for a formal test of this hypothesis). This seems realistic since durables purchases often involve more expensive and complex purchases. This raises a technical issue since discrepancies in the adjustment period for different goods are likely to induce short-run cross-equation (goods) effects. However, Bernanke's [1985] finding of separability between durables and nondurables expenditures, together with the numerical simulations in Lam [1986] , suggest that this only introduces a parameter of excess sensitivity in the good with a shorter adjustment period. This is irrelevant for the main hypothesis tested in this paper, and is therefore disregarded (see Caballero [1987c] for an explicit treatment of this problem).
Before reporting the results, it is convenient to mention that what follows uses annual instead of quarterly data. Although this is likely to make the time aggregation problem more severe, 4it seems better able to detect small MA coefficients of the same sign, by summarizing their effects in a smaller set of coefficients.5 The data correspond to nondurables and services, and durables expenditures as reported by the National Income and Product Accounts for the period 1947-1986. All the series were previously exponentially 4. See the working paper version of this paper for a proof that the fundamental conclusion of this paper is not affected by time aggregation problems [Caballero, 1987c]. 5. Call xat the annual change in expenditure on durable goods between periods t -1 and t, and xqtq the quarterly change in expenditure on durable goods between periods tq -1 and tq, then xat = 2;, = ajxqtqj, with ao = a6 = 1, a, = a5 = 2, a2 = a4 = 3, and a3 = 4. Using Proposition 4 in Engel [1984] , it is possible to show the relation between the annual autocovariances, rxa(k), and the quarterly autocovariances, rxq(k): rxa(k) = V 2Vt0 aa~rxq (4k + j -i).
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Rows: estimated processes (e.g., WN: white noise). Standard errors are in parentheses.
(deterministic) detrended. In order to check whether the detrending procedure is responsible for the results, all the tests were rerun using per capita data. Also the restriction on the lagged expenditure coefficient (equal to one) was relaxed. These modifications left the main results and conclusions unchanged.6 III.1. Differences in the MA Structures Table II confirms the evidence found in quarterly data and reported in Figure I : the time series behavior of durables and 6. These results are available from the author upon request. whereas the first five columns report the value of the corresponding MA coefficients. Column (6) shows the sum of these MA coefficients, whereas columns (7) and (8) frictionless LCH/PIH model. However, the presence of large and negative MA coefficients after the first lag is also apparent.
It is possible to obtain from equations (5) and (6) Table II reveals. For the preferred models this sum is 7. Note that most of the slow adjustment in nondurables and services comes from services, perhaps through imputed rent on housing. The distinction between the speed of adjustment of these two types of goods, however, is not the main concern of the paper. The system formed by equations (5) and (6) is estimated by maximum likelihood. The prediction errors to construct the likelihood are formed using a Kalman filter. (The details can be seen in Caballero [1987c] .) Table III (5) and (6). The results of the joint estimation that are equivalent to those of column (1) are shown in column (2). It is possible to see that the value of the likelihood function is substantially larger in the latter. From here on, the analysis concentrates on the joint estimation results.
Column (2) shows the results with no cross-equation restrictions. The first very promising result is that the estimate of the annual rate of depreciation of durables is 0.35. This is still high; however, it is much more reasonable than the rates of depreciation above 0.95 per quarter obtained in previous studies (e.g., Mankiw [1982] and Caballero [1987b] ). The second important result is that the correlation between the innovations of durables and nondurables and services is 0.7, considerably higher than what was found before (Startz [1986] (5) show that the restriction ad = ad = 0 can be rejected at the 5 percent significance level. It is also encouraging to see that all the estimates of the Os are positive as suggested by the slow adjustment model. Column (3) imposes the constraint of equal speed of adjustment in both goods; the likelihood ratio statistic (LR) for this hypothesis is 4.4 and therefore cannot (marginally) be rejected at the 10 percent significance level. However, the implicit rate of depreciation rises, becoming less reasonable. In fact, when the rate 8. As was said before, an important part of this positive MA term could come through time aggregation problems. I disregard this issue here (see Caballero [1987c] ). of depreciation is kept fixed at 0.35 (see column (4)), these equality restrictions (0d = O' and ad = 0,) can be rejected at the 2 percent significance level. Table IV presents the speed of adjustment implied by the set of models shown in Table III . The columns represent the models reported in the corresponding columns in Table III ; whereas the rows represent the degree of delay. The speeds of adjustment of the preferred model are reported in column (2). Overall, the results are The estimates of the underlying disturbances were constructed with a fixed interval smoother fed with the parameters of the preferred model estimated above (column (2) in Tables II and III) .10
The actual path of changes in total expenditures is depicted in Figure II with the solid line, whereas the fast regime's path is illustrated by the dashed line. Not surprisingly, a fast regime would have led to much wider but less persistent fluctuations of consumption expenditures (or interest rates).1" This also highlights the fact that slow adjustment could potentially rationalize the excess smoothness and excess sensitivity puzzles.
IV. CONCLUSION
For more than half a decade the fact that expenditure on durables can be well approximated by a random walk has prevailed as an almost unchallenged puzzle. This is particularly intriguing considering that such findings go against almost any theory in which agents optimize intertemporally; even if the effective horizon is only a few years, as suggested by Carroll and Summers [1989] .
Barring aggregation problems, this finding suggests, for example, 9. Similar experiments for individual consumption categories can be seen in Caballero [1987c] .
10. See Anderson and Moore [1979] for a thorough explanation of filtering and smoothing.
11. A by-product of the smoothing exercise presented above is that it is also possible to recover (based on the model presented in the Appendix) estimates of the influences of wealth and distribution shocks (i.e., shocks that move consumption of durables and nondurables in the same and opposite direction as consumption in each good, respectively). This exercise is reported in Caballero [1987c] showing that wealth shocks are the main driving force of both durables and nondurables. Furthermore, distribution shocks are almost irrelevant for nondurables fluctuations. that a consumer facing a large wealth shock does not buy a new large car, but prefers to buy one small car and add an equally important investment to the car every year.... It is certainly possible to manufacture dubious habit formation mechanisms yielding such behavior, but it does not seem worth doing it.
This paper, instead, has challenged the fact itself by looking, first, at nonparsimonious representations of quarterly consumption expenditures, and second, at lower frequency data able to detect more sharply features of the data blurred by a slow and irregular adjustment. Both approaches have shown that indeed expenditure on durables does not follow a random walk. In fact, the data show a clear reversion of the impact of initial shocks on durable purchases, a feature very much consistent with a framework in which consumers do some smoothing.
On the other hand, the fact that the frictionless LCH/PIH is unable to account for expenditure on durables is fully confirmed in this paper. However, this type of model complemented with slow adjustment provides a fairly good description of the differences between the stochastic processes followed by nondurables and durables expenditures. Here we assume that the distribution shock follows a random walk; the unit root part of this assumption was tested through cointegration tests and not rejected (see Caballero [1987c] for details), whereas the lack of serial correlation of the increments i an identification assumption. This assumption implies that all th elements of E+ are equal to zero, hence it is sufficient to prove t ed and en are i.i.d. to show that aot and alt are constants, as assum in the main text.
Using the procedure suggested in Caballero [1987a] , it is possible, although tedious, to show that Given that v and w are i.i.d., so are en and ed, hence aot and alt are constants.
COLUMBIA UNIVERSITY
